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Electroweak symmetry breaking |

We know that SUQ2)w xU(1)y — U(1)qg

= W= and Z have not only transverse polarizations,

but also longitudinal ones: three spin-0 states have been eaten.

(Higgs mechanism)

What is the origin of electroweak symmetry breaking?



Electroweak symmetry breaking |

We know that SUQ2)w xU(1)y — U(1)qg

= W= and Z have not only transverse polarizations,

but also longitudinal ones: three spin-0 states have been eaten.

(Higgs mechanism)

What is the origin of electroweak symmetry breaking?

We do not know:

e why is there a VEV that breaks SU(2) x U(1) ?
e what are the properties of the field that has a VEV?

e what unitarizes WELWL_ scattering?



Minimal Supersymmetric Standard Model |

Superpotential: W = yu 0 HyQ—yy d°H4Q—yp eCH L+ p Hy Hy

We assign R-charges such that the soft susy-breaking term BuH, H ;4
is forbidden, e.g., R[H,, Q, ¢ é° = 0 and R[H,,d¢, L] = 2.

Higgs potential:
1 2
(Ia? + m, ) 1Hul*+ (Iul® + mi, ) |Hal*+ (9 +9”) (1Hul® - |Hal?)

m2, and m?, are susy-breaking parameters.



We impose that |'u|2 + m%{ <0

pl* + mi, > 0
and, in order for the potential to be bounded from below, that
2| p|? + m%{u + m%{d >0 .

= only H, acquires a VEV.

H,; has no VEV = down-type quarks and leptons do not acquire
masses from the Yukawa couplings given in the superpotential.

Should one dismiss this region of parameter space?

No: the Yukawa couplings explicitly break the chiral symmetries
from U(3)° to U(l)g x U(1)

= loops will generate masses for the down-type quarks and leptons.



Holomorphy dictates that the supersymmetric Higgs sector
IS a Two-Higgs-Doublet model of type-II
(only up-type quarks get masses from H,,).

However, once supersymmetry (and the R-symmetry) is broken,
all gauge invariant operators may be present in the low-energy
effective Lagrangian. These include:

—yh dCH;fLQ — Yy eCHILL

The F term for H,; which follows from the superpotential is

FI];Id = yqd°Q + yp é°L — pH,
This F term dgenerates the following trilinear scalar interactions
in the Lagrangian:

,u*H,Z (ydcicé + y£é6i> + H.c.



Loop-induced lepton masses
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These 1-loop diagrams are finite, and give rise to an uplifted-

Higgs lepton coupling:
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Contributions to the yZl Yukawa coupling of the down-type quarks:
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The F-term interaction for quarks given in appears in a loop that
involves either a bino (as in the case of leptons) or a gluino.
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The Higgs boson hO that couples to WW is at tree level entirely
part of the H, doublet

The other physical states, H?, A% and HT, are all part of the
H,; doublet and have the same tree-level mass:

MI2_IO = Mio = MIZ—I:I: = |l,l,|2 —|— m%Id

T his may range between several hundred GeV to a few TeV.

The heavy ”Higgs” bosons (H?, A%, H¥) have a large Yukawa
coupling to the 7, such that the branching fractions for
HY9, A% — +++— and HT — v may be as large as 90%.



The Yukawa coupling of HY and A°? to uTpu~ is

My
mr

s-channel production of HY and AY at a muon collider would al-
low detailed studies of the heavy Higgs bosons.

Relatively broad resonances, because y, =~ 1.5:

Y

y2 + 3y;
167

r'(H°) =~ T(HY) ~ M 170



Natural spread in the muon collider beam energy is smaller than
I'(HY).

8
0'(,u+u_ — HY, A% — ’T+’T_) ~ V2 B(HO — u+u_)B(HO — T+’T_)
HO
y2
BH - rT77) = 5 5 =~ 30 — 90%
ys + 3yp
2
m
BH’ - pTp7)= L2 BH" - vF7r7)
m'T

Resonably large cross section:

2
1TeV B(H?—- r1t77)
HO 0.7

o(ptpu™ — HY A% - TT7r7) =~ 17 pb <M X



Conclusions |

Explorations of the energy frontier require a muon collider.
In particular, a muon collider would be crucial for understanding
the origin of electroweak symmetry breaking.

The Minimal Supersymmetric Standard Model has been hiding
(for over 30 years) a large region of parameter space with sur-
prising phenomenological implications.

In this " Uplifted region” of the MSSM Higgs sector all fermion
masses are generated predominantly by their couplings to H,.
tan 3 = 300 is a confusing parameter.

The Yukawa coupling of H? and A° to ptu~ is 0.1 or larger.

s-channel production of HY9 and A" at a muon collider would be
the best way of studying this supersymmetric Higgs sector.
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